Patient blood management strategies have increasingly become an area of focus for clinicians to reduce allogeneic blood exposure. 1 There are multiple reasons to reduce blood exposures to decrease costs, risks, and antigenic exposure. Algorithms for blood product administration are the basis for most strategies and routinely specifically state indications and thresholds for blood product admnistration. 2 Of all the hospitalized patients, cardiac surgical patients are at significant risk for bleeding and transfusion because of the complexities of the surgery, activation of the multiple coagulation and inflammatory pathways, dilutional changes, hypothermia, and extracorporeal activation. 3 Of note, cardiac surgical patients represent a major group of patients who are recipients of blood used in hospitals. 4 The Transfusion Requirement in Critical Care (TRICC) trial evaluated a liberal versus restrictive red cell transfusion strategy in 838 patients in the intensive care unit (ICU) and showed no mortality difference, but it excluded cardiac surgical patients. 5 A subgroup analysis of TRICC including patients with cardiovascular diagnoses but not surgical interventions showed no overall mortality differences between liberal and restrictive strategies, with less deterioration in multiple organ dysfunction in the restrictive group. 6 The evidence in patients after cardiac surgery was limited by small, poor-quality trials. The concern has been that a restrictive strategy may increase the risk of anemia-induced tissue hypoxia. Mazer and colleagues 7,8 have now evaluated this concern in 2 reports: the Transfusion Requirements in Cardiac Surgery (TRICS) II and TRICS III. The question of whether a restrictive or liberal approach to transfusion in cardiac surgical patients who have a moderate-to-high risk of mortality affects a composite outcome of cardiovascular events, renal failure requiring dialysis, or death as follows.
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In TRICS II, Mazer and colleagues 7 performed a randomized noninferiority trial of 5243 adult patients undergoing cardiac surgery with a European System for Cardiac Operative Risk Evaluation I of 6 or more. With this scoring system, higher scores are consistent with a higher mortality risk. Patients were randomized to a restrictive red blood cell (RBC) threshold for transfusion for a hemoglobin of less than 7.5 g/dL or an RBC transfusion threshold of less than 9.5 g/dL if in the ICU or during surgery and less than 8.5 g/dL when out of the ICU. The primary outcome was a composite of all-cause mortality, myocardial infarction, stroke, or dialysis-dependent acute renal failure up to the time of discharge from the hospital or 28 days postoperatively. The secondary outcomes were clinical outcomes that included RBC transfusions.
In the study, there were coronary artery bypass grafts only in 26% of patients, coronary artery bypass graft þ valve in 19% of patients, and valve surgery in 29% of the patients, and approximately 12% reoperations in both groups with mean cardiopulmonary bypass times of approximately 120 minutes. Tranexamic acid was administered in approximately 91% of the patients. The composite primary outcome was 11.4% of the restrictive patients compared with 12.5% of patients in the liberal group with an odds ratio (OR) of 0.90 and a reduction in mortality of 3.0% compared with 3.6% (OR, 0.85). Specific outcomes included myocardial infarction in 5.9% versus 5.9%, stroke in 1.9% versus 2.0%, and new renal failure in 2.5% versus 3.0% (restrictive vs liberal). As expected, the restrictive transfusion group had RBCs transfused in 52.3% compared with 72.6% in the liberal group, but without any additional differences in the secondary outcomes. On subgroup analysis, the primary end point was significantly reduced in patients aged 75 years or more (P for interaction ¼ .004).
Secondary outcomes for restrictive versus liberal transfusion strategies included plasma transfusion (23.5% vs 27.1%, P <.05), median length of stay (8 days vs 8 days, P <.05), ICU median length of stay (2.1 vs 1.9, P <.05), and infection (5.0% vs 4.2%, P >.05). 7 In Mazer and colleagues' follow-up study TRICS III, 8 they report additional clinical outcomes 6 months after surgery in their 5243 adult patients. The strictly defined primary composite outcome occurred in 17.4% (402 of 2317) in the restrictive group compared with 17.1% (402 of 2347) in the liberal group (OR, 1.02) with a P value of .006 for noninferiority, and mortality was 6.2% compared with 6.4%, respectively (OR, 0.95), again without differences in secondary outcomes. 9 The authors concluded that in moderate-to high-risk cardiac surgical patients, an RBC transfusion restrictive strategy was noninferior to a liberal strategy for their primary and secondary outcomes at 6 months after surgery. The primary outcome, including all-cause mortality, nonfatal myocardial infarction (MI), stroke, new-onset renal failure with dialysis, and betweenhospital admission and discharge/28 days, for restrictive versus liberal transfusion strategies was 11.4% versus 12.5% (OR, 0.90; 95% confidence interval, 0.76-1.07; P for noninferiority <.001). 8 This follow-up trial confirms earlier observations that blood transfusions to an arbitrary higher threshold may not always be beneficial and could be associated with potential harm. A more restrictive strategy appeared to be particularly beneficial among elderly patients. These findings will likely influence future perioperative guidelines. However, it is important to note that patients undergoing heart transplantation or ventricular assist device insertion, and pregnant women were excluded.
Overall, the strengths of this large, multicenter study with appropriate follow-ups and analyses included blinding of investigators who are assessing primary outcomes. However, important limitations include the nonblinded clinical staff administering the blood, and the per-protocol analysis excluded patients when adherence to the protocol was less than 90%, a critical finding that has important potential to remove sicker patients out of the analysis of the primary outcome that could potentially influence the power of the study. However, the study included a modified intentionto-treat analysis that did include these patients and still demonstrated noninferiority in the restrictive strategy. The results also may be limited by the transfusion thresholds themselves that were established through pilot and consensus data if the 2 thresholds are too close to identify a true difference in outcomes. 9 The New England Journal of Medicine embraces large, well-conducted clinical studies as thoughtfully performed by the investigators, and as an example previously reported significant results with tranexamic acid despite multiple prior smaller studies that may have shown equipoise. 10 However, TRICS III, as all similar studies, focuses on the hemoglobin value without potentially better defining a clinically meaningful parameter to examine what should be the appropriate clinically indicated or other meaningful threshold for RBC transfusion. Unfortunately, one of the issues that studies addressing specific hemoglobin thresholds do not examine is to base their interventions on precise measures of oxygen delivery or oxygen debt. This is because we do not have good measures to examine these important physiologic indices, and as a result, we therefore treat numeric values of hemoglobin rather than define an appropriate physiologic threshold for each particular patient. Again, we, unfortunately, do not have the ability to readily measure specific oxygen delivery or oxygen debt, and as a result treat specific hemoglobin thresholds instead.
In the modern era of highly protocolized perioperative management, we often routinely chase numeric values such as hemoglobin levels without always closely evaluating patients. Are there physiologic differences between a hemoglobin of 7.5 g/dL versus 9 g/dL in our cardiac surgical patients? Patients are often lying in bed, may or may not be mobilized, are often not physically active, and may be receiving mechanical respiratory support and ride in wheelchairs upon hospital discharge. When they go home, they may remain relatively immobile without encouragement. Is the restrictive threshold in cardiac surgery patients mitigated by inactivity and reduced oxygen demand? As previously stated, in the TRICC trial, the clinical staff was not blinded and the protocol analysis excluded patients in whom adherence to the protocol was less than 90%, a critical consideration that may have removed more complex critically ill patients from the analysis of the primary outcome that could potentially influence the power of the study.
Clinical trials that focus on RBC transfusions increase hemoglobin levels, but oxygen delivery to tissues may not be increased because of multiple factors. 11 The TRICC trial is one more study that continues to demonstrate that using restrictive thresholds for transfusions of RBCs are noninferior to liberal thresholds in most clinical scenarios. 1 As noted from the 2015 Proceedings of the National Heart, Lung, and Blood Institute's State of the Science in Transfusion Medicine Symposium, decisions to transfuse RBCs ideally should be based on the extent to which anemia contributes to tissue oxygen delivery. 11 In addition, the recent recommendations from a pediatric critical care consensus initiative calls for further study of physiologic thresholds and alternatives to optimize oxygen delivery/consumption balance. 12 We believe that further studies should identify specific physiologic end points for outcomes to decide on the thresholds for transfusion. This concept necessitates developing ways to determine the relationship of transfusion to tissue oxygen delivery, especially in critically ill patients.
There are also other important unanswered questions regarding transfusions of other components in cardiac surgical patients that need to be addressed in future studies. Despite our extensive routine use of platelet transfusions in our patients, there is no high-quality evidence to determine the appropriateness of platelet transfusions with bleeding. 13, 14 Most transfusion algorithms in cardiac surgical patients use platelet counts as the laboratory determinant for platelet transfusions. Rotational thromboelastometry and thromboelastography, both viscoelastic tests, are often part of transfusion algorithms, but most algorithms, in general, reduce allogenic blood product administration because they prevent the empiric use of blood products without specific coagulation abnormalities. 15 Despite the increasing availability of platelet function testing, in bleeding and coagulopathy, many of the platelet function tests currently available require specific platelet numbers, do not work in anemic patients, or have other limiting factors. As noted in a recent National Heart, Lung, and Blood Institute review, there are no current standards for clinical or laboratory assessment of the hemostatic efficacy of platelet administration in bleeding patients. 11 Clinical trials are needed that validate clinical bleeding measurements, evaluate the usefulness of in vitro testing, and assess the adverse effects of platelet transfusion. 11 Have we reached clinical equipoise regarding additional studies for transfusion triggers of hemoglobin in cardiac surgery? We believe so, and as a result, if future studies are to be conducted, then physiologic thresholds and parameters need to be thoughtfully considered in the design of future studies. Based on the title of this commentary on how to interpret recent restrictive transfusion trials in cardiac surgery, the TRICS trials provide more data using hemoglobin ''triggers'' to guide transfusion in cardiac surgical patients. However, future efforts should be directed at generating new data using physiologic and other end points, and include all patients in their studies as currently being performed in the pragmatic trial design of the FIBrinogen REplenishment in Surgery study in Canada in cardiac surgical patients evaluating fibrinogen versus cryoprecipitate for bleeding. 16 
